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WALTER F. LEVER, MD.
Although there have been several electron
microscopic studies of human axillary apocrine
glands (1, 2, 3, 4) the exact mechanism of
apoerine secretion remains an enigma. Hibbs
(1) denied true apoerine secretion in normal
human axillary apocrine glands because he Was
unable to find the secretory cells in the process
of extruding its contents. In addition, he could
not visualize any secretion product Within the
lumen. He assumed, therefore, that the princi-
pal mode of secretion is by droplet formation
at the apex of the cell and that secretion by
disruption of the cell probably occurs only
under extreme conditions, if at all. Montagna
(2) suggested that the secretory granules are
dissolved in the apical cytoplasm and excreted
either by a fragmentation of the luminal micro-
vilh or by oozing out through the plasma mem-
brane. Charles (3) also failed to see cellular
debris in the lumen, but did report disruption
of the apical membrane through Which he
thought the contents of the secretory cell had
been extruded. Observations similar to Mon-
tagna's, e.g., that the secretory granules are dis-
solved in the apical cytoplasm, were made by
Kurosumi et al. (4); they further described the
formation of expanded apical secretory projec-
tions and were inclined to defend the classical
decapitation secretion theory. They denied
that secretion occurred through fragmentation
of the luminal microvilli. The following report
will be concerned primarily with the matura-
tion of the apocrine secretory granules and
their mechanism of excretion from the cell. A
multiplicity of secretory mechanisms of the
apocrine glands was found in this investigation,
including decapitation secretion.
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MATERTAL5 AND METHODS
Axillary biopsy specimens were obtained under
local procain anesthesia from five healthy young
Negros, both male and female, fifteen to twenty
years of age. Fresh frozen sections were cut in a
cryostat at Sp and stained for the following: the
PAS reaction (5), acid phospbatase (6) and fi-
glueuronidase (7).
A portion of each specimen was cut into 1 mm
pieces, fixed for one hour in 1% osmium tetroxide
in veronal buffer (pH 72) solution with 4.5%
sucrose, dehydrated through increasing concentra-
tions of ethanol and propylene oxide and em-
bedded in Araldite. Sections were cut with an
LKB Ultrotome and stained with 1% uranyl ace-
tate in distilled water, Reynolds' lead citrate, 1%
phosphotungstie acid in 50% ethanol or a combina-
tion of these. The stained sections were observed
with an RCA EMU-3G electron microscope.
RESULTS
I. Histocheinicol Findings
The PAS reaction was weakly positive in
the apocrine secretory segment in general. In
the tall secretory cells, however, the apical
cytoplasm contained large granules which were
strongly reactive. These granules remained
PAS positive after diastase digestion.
The ocid phosphatose reaction was strongly
positive in the apoerine secretory cells, especi-
ally in the large granules.
The f3-glucuronidose reaction was strongly
positive in the apocrine secretory cells; a
strong reaction was present in the large
granules and a weaker reaction in the cyto-
plasm.
II. Electron Microscopic Findings
The most striking feature of the cells of
the apoerine secretory segment was the abun-
dant number of granules surrounding the nuclei
(Fig. 1). There were two varieties readily dis-
tinguishable in the cytoplasm: (1) dark gran-
ules and (2) light granules (Fig. 2).
The dark granules. The earliest stage in
the formation of the dark granules appeared to
be the deposition of a dense protein substance
in small membrane-bound vesicles (Fig. 3),
which appeared to have been derived from the
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FIG. 1. Mature secretory cells surround the lumen (Lu). Dark granules (d) are most
numerous in the apical portion just beneath the secretory projection (SP). The light
granules (1) are scattered evenly throughout the cytoplasm and are frequently surrounded
by rough-surfaced endoplasmic reticulum (thin arrows). Villi are few along the plasma
membrane covering the expanded secretory projection (thick arrows). A very well-de-
veloped Golgi apparatus (G) is present above the nucleus (N). M: myoepithelial cells.
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Fie. 2. Dark and light granules. Some dark granules (D) contain less dense lipid globules(1) and denser granules (d). While some dark granules are of irregular shape, the light
granules (L) are regularly round and reveal occasional cristae (arrows). re: rough-surfaced
endoplasmic reticulum in close association with light granules. (X 21,900)
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Fic. 3. Formation of dark granules. Golgi vesicles (G) accumulate dense substance and
grow through several stages (1, 2, 3) into large dark granules (4). M: mitochondria.(x 43,070)
relatively large Golgi apparatus situated
above the nucleus of the apocrine secretory
cell (Fig. 3). While the majority of these
granules were round (Fig. 3), some of them were
multi-angulated (Fig. 2). As they matured, in
addition to the dense protein substance, they
accumulated less dense lipid globules (Figs. 2,
3), ferritin particles (Fig. 4) and thick lamellar
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structures (cf. Fig. 6). The larger, more mature and fairly uniform in texture (Fig. 2). Some
dark granules, some reaching the size of 51t, possessed structures similar to the eristae of
tended to accumulate in the apical cytoplasm mitoehondria (Fig. 2) and a double-layered en-
of the secretory cell. veloping membrane. Except for the increased
The light granules were round in shape density often due to an accumulation of a granu-
Fm. 4. Ferritin particles (f) in the dark granules, a mitochondrion with eristae (arrow),
a very well-developed Golgi apparatus (G) and an intricately convoluted plasma mem-
brane (Pm) are shown. ()< 44,840)
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lar substance, and fewer cristae, they appeared
identical to mitochondria (ci. Fig. 4). Kurosumi
et al. (4) and Charles (3) also reported the simi-
larity of light granules to mitochondria and con-
cluded that the light granules were derived from
mitochondria. The light granules were fre-
quently surrounded by rough-surfaced endo-
plasmic reticulum (Fig. 2). Unlike the dark
granules, the light granules were evenly dis-
tributed throughout the cytoplasm except for
the apical secretory projection of the cell, where
both dark and light granules were absent com-
pletely.
Maturation of the secretory cells appeared
to be indicated by the formation of an apical
secretory projection (Fig. 1). This projection
appeared either as a uniform or partial elonga-
tion of the apical cytoplasm. At the base of the
apical projection was a dense collection of gran-
ules, both dark and light. Toward the lumen, the
number of granules diminished rapidly and the
apical cytoplasm contained almost no organelles,
appearing relatively electron-lucid (Fig. 1).
The mierovilli on the luminal plasma membrane
decreased in number (Fig. 1, ci. Fig. 10), prob-
ably due to the expansion of the apical cyto-
plasm and unfolding of the villous plications as
Kurosumi et al. (4) have suggested.
The mode of secretion. There seemed to
be two major types of secretion; one type ap-
peared to be common in frequency and gradual
in process, the other to be relatively rare and
rapid in process.
In the first type the apical plasma membrane
covering the ballooned secretory projection
played a major role, either by forming pinched-
off villi and allowing numerous small vesicles
to escape with them, or by forming small
defective areas (Fig. 5). Thus, the apical cyto-
plasm escaped into the lumen within these
villi or vesicles, or directly through the sieve-
like holes. A new, dense, thick plasma mem-
brane, or microvilli in the neighborhood seemed
to cover the defect (Fig. 5). The main body
of the secretory cells remaiued intact (Fig. 5).
The light granules were dissolved into the api-
cal cytoplasm, while the majority of dark
granules remained above the nucleus (Fig. 5).
In this type of secretion there were not many
visible secretory products except for fragments
of villi or small vesicles in the lumen. A varia-
tion of this mode of secretion was seen when a
fairly large defect of the plasma membrane sur-
rounded the neck of the projection and the
entire apical projection was sheared off or
decapitated and floated in the lumen (Fig.
5). Such a large defect could easily be a mis-
interpretation of an artefactual impairment
of the plasma membrane which might occur in
the process of specimen preparation. However,
the presence of a large proportion of intact
apical projections in the lumen at enough dis-
tance apart from the adjoining projections
ruled out the possibility of an accidental cut of
the subjacent apical projection as shown in
Fig. 10, and enabled us to state that large defects
surrounding the neck of the projection were
responsible for the formation of these floating
apical projections.
In the second type of secretion not only the
light granules but also most of the dark
granules were dissolved. The dark granules
began to undergo vacuolization and the density
of the granules became uneven (Fig. 6). The
individual components of the dark granules,
such as lipid globules, ferritin particles and
lamellae, became degenerated and mixed to-
gether (Fig. 6). As the process of resolution
progressed (Fig. 7), the dark granules completely
disappeared leaving large foamy vacuoles in
the cytoplasm (Fig. 8). These foamy vacuoles
subsequently emptied their contents into the
lumen. In some instances, probably when the
secretory process was rapid, the half-dissolved
dark granules and cytoplasm were massively
discharged into the lumen (Fig. 9). Debris of
secretory granules and the cytoplasm were
seen in the lumen, as well as in such devastated
secretory cells (Fig. 9).
Cross-sections of the apocrine secretory seg-
ment following the second type of secretion re-
vealed the secretory cells to be short and squat
with their width greater than their height and
the lumen to be greatly enlarged (Fig. 9). In
contrast to the post-secretory cells of the first
type of secretion, dark granules were very few
in number. The myoepithelial cells of the se-
cretory segment following the second type of
secretion were greatly elongated about the
perimeter of the secretory cells (Fig. 9).
Although cross-sections through different
glands revealed different types and stages of
secretion, the secretory cells lining the lumen
of the same gland were always of the same
type and at the same stage of secretion.
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FIG. 5. The mild type of secretory process has started in one secretory ccli with rupture
of the plasma membrane at the neck of the distended secretory projection (thick white
arrow). The secretory cell next to it has lost its secretory projection which is now floating
in the lumen (black arrow). Though smaller, another floating secretory projection (long
white arrow) is seen in the lumen. The thick membrane (m) has formed along the line of
sequestration. Dark granules remain undissolved. Transformation of mitochondria (M)
into the light granules are seen. C: collagen. My: myoepithehal cell. 1/: pinching villi and
small vesicle formation. (X 4,218)
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Fie. 6. A partially dissolved dark granule shows heterogeneous but still identifiable
components such as lipid globules (1), lamellar structures (arrow) and dense particles of
various sizes. The center of the granule is dissolved and appears clear. f: ferritin particles.
< 66,300)
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Fia. 7. Resolution of dense granules is seen in two places; the lower one has been partially
dissolved, while the upper one is with the exception of the upper pole (arrow) intact. The
dissolved contents are being discharged into the lumen (Lu) by means of large vacuoles
(V). 1: lipid globule. M: mitochondria. (X 46,610)
I. •
Lu
I
ELECTRON MICROSCOPIC STUDY OF APOCRINE SECRETION 387
Fro. 8. Completely dissolved dark granules are now recognized as foamy vacuoles in the
cytoplasm. The numerous small dense particles represent ferritin particles (f) Lu: lumen.
My: myoepithelial cell. (X 48,970)
S.
Lu
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FIG. 9. A flattened secretory cell followiny secretion contains a nucleus (N), vacuoles(V) and partially dissolved dark granules (d). The lumen (Lu) contains the secreted ma-
terial. In one area a thick dense membrane (m) covers the luminal border. C: collagen. My:
myoepithelial cell. (X 45,430)
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FIG. 10. Secretory projections (SP) of subjacent secretory cells are cut and appear on top
of the upper cell; they are, however, clearly separated by plasma membranes (Pm). This
picture, when shrunk by dehydration and viewed with a light microscope would give rise
to the classical picture of decapitation. Arrow: decreased villi towards the apical portion
of the secretory projection. (X 14,800)
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DISCUSSION
The concept of apocrine secretion, as origin-
ally proposed by Schieffcrdeckcr (5), eq.
decapitation of the apical cytoplasm, has been
questioned in the more recent literature (1, 2).
Montagna suggests that what one sees is not
true decapitation secretion, but the apical por-
tion of one cell overlapping another when per-
fect cross-sections of tissue arc not cut. Al-
though this overlapping undoubtedly occurs
(Fig. 10), it is shown in this study that decapi-
tation secretion as conceived by Schiciferdecker
is definitely one of the mechanisms of secretion
in human axillary apocrinc glands. This takes
place as a variation of the more mild form of
secretion which is probably going on constantly.
The strong PAS reaction (diastase resistant)
of the large secretory granules, as described by
Montagna (2) and confirmed in this report, oc-
curs most probably in the dark granules. The
strong reaction for acid phosphatase, /3-glu-
curonidase, the presence of lipid globules and
lamellar structures in the dark granules sug-
gest that the dark granules are in fact lyso-
somes (9, 10). Autolytic dissolution of these
dark granules simultaneous with the destruc-
tion of the apical portion of the apocrine se-
cretory cell as demonstrated in this report is
further corroborating evidence for this conten-
tion, since lysosomes have been known to con-
tain many hydrolytic as well as proteolytic
enzymes (9, 10) and play an important role
in autolytic resolution of the cells which con-
tain them (10, 11, 12). It seems that the secre-
tory cells employ this more destructive mode of
secretion in response to acute or strong stimuli,
thus releasing the majority of the cellular
contents.
5UMMARY
1. Two types of granules were seen in the
secritory cells of apocrine glands: (1) dark
granules which formed initially from the Golgi
apparatus and (2) light granules which ap-
peared to be the modified mitochondria.
2. The formation of a secretory projection
at the luminal, or apical, portion of the cell
appeared to be the first stage of apocrine
secretion. Although the cytoplasm of the secre-
tory projection possessed few or no organ-
elles, dark granules accumulated in large num-
bers in the cytoplasm beneath the secretory
projection.
3. There seemed to be two major types of
secretory processes; one type concerned with a
slow, gradual secretion and involved forma-
tion of pinched-off villi with the escape of
small vesicles, or a defect formation in the
plasma membrane with subsequent release of
the contents; in some instances, instead of
merely spilling its cytoplasmic contents into the
lumen, the entire apical secretory projection
sheared off or decapitated. The second type in-
volved a massive destruction of the dark secre-
tory granules, probably a rapid process and
presumably in response to strong stimuli; this
process resulted in an excavation of the entire
cytoplasmic content of the cell into the lumen.
5. The types of enzymes as well as the mor-
phology and the behavior of the dark granules
suggest that the large dark granules arc lyso-
somes.
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